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Plan of the talk

* Final Focus history

« Basic concepts of a “traditional” Final Focus
* Problems of a “traditional’” approach

« Concepts of a new Final Focus

« Comparison of traditional and new FF

« Scaling to multi TeV region for the new FF

« Linear Collider Test Facility

« Conclusions
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-\ Final Focus task

FF should focus the beams to small sizes at IP

« Chromaticity of FF is determined by the final doublet.

* FD chromaticity scales as L*/f3*, and thus the

chromatic dilution of the beam size Ao/c ~ o L*/3*
IS very large.

« Design of a FF is driven by the necessity of
compensating the FD chromaticity.

P.Raimondi, A.Seryi
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Concepts of a “traditional”” Final Focus

CCX CCY
« Chromaticity is compensated in 5007 108
dedicated sections. 100, R {0.10
« Geometrical aberrations are o A D o Joos
canceled by using sextupolesin = ™1 /"o’ N\ 1Y 0b o WS
pairs with M= -1. S
~4-0.05
FFTB and extrapolated 1010
NLC-FF design conceptually 0bs | 015

- - 0 2Cl)O ' 4Cl)O ' 660 ' 860 llClI)0112100114100116100'1800
Identical but... s (m)
F FTB ~150m |Ong ' Optics of the traditional NLC FF.

NLCFF ~1750m long! L*=2m, B.* ~10mmand B,* =0.12mm.
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SLC Final Focus

« SLCFinal Focushad X &Y NFF12; Inbound e~ (06-0CT-1997) Sif)
Interleaved Chromatic ST T T T T T A
Correction Sections, to save In ol — E
total Iength : m_ Beta-Match X CCS X T _

L ]

« Bends Short to save in total - M =
length | BN E

« Background issues hardly S s e B S
considered “’“°|""|'"'|""|""|""|'
Resulting aberrations small for ¢ m_ Beta-Match Y CCS Y
the design beam parameters,
but the limiting factors for the e
achieved ones: ”‘ W

- Less Current = '“’ = ”sm]
- Smaller Emittances
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SLC Background

VE V=AY -E)EC

—
a.

Extensive tracking identified 5 zszma 06, 35007
large contribution to the i B O BEEenam
background from high order g | 220Iniialvalue: 700rad } ff}
aberrations in the “FD phase” g iﬁ/
. 3 | t, ]
generated in the CCS. 3 LF
% S
As an example of the better 8 | ¢ } b f‘m/ i
understanding, sextupoles were g i ! EAP
added to minimize Syt gt i
T. = d2x T
226 dx'dE/E T226 [radians]  wore o

chisgi = 5095 RkE= 0 506PE

Luminosity greatly improved, since smaller IP s were
allowed and detector Up-Time increased
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SLC-FF and SLC-FF achievements

SLC Final Focus

FFTB Final Focus

Beam Design Achieved
Parameters

V& 4.2e-5mldad | 5.5e-5mldad
YE, 4.2e-5mldad | 1.0e-5mldad
Ox 1.65Um 1.40pMm

Oy 1.65um 0.70um

X & Y spot sizes limited by
background and aberrations

* Most of the issues on tuning and understanding the FFS’s
optic solved through the years of SLC and FFTB operations

Beam Design Achieved
Parameters

V& 3.0e-5mlad | 2.8e-5mlrhd
Y& 0.3e-5mlthd | 0.1e-5mlrad
o 1.00pm 1.50pm

Oy 0.060pm 0.060pm

Jitter and background were
some of the FFTB limitation

P.Raimondi, A.Seryi
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Problems of traditional FF

« Chromaticity is not locally compensated
« Bandwidth is limited since M % -1 for off energy particles.

« High sensitivity to 8E in between the sources of chromaticity
(due to wake-fields, synch.radiation).

« Bends have to be long and weak.

« Off-energy particles at IP and FD phases mix.

« Collimation in both FD and IP phases is necessary.

« System very long and scaling to higher energies is difficult.

P.Raimondi, A.Seryi
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-\ “Ideal” FF requirements

« Chromaticity corrected locally.
« Number of bends minimized.

« Dynamic aperture (preservation of the linear
optics) as large as possible.

« System as simple as possible.
« System optimized for flat beams.

P.Raimondi, A.Seryi
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Principles of the “ideal” FF

Final
Bend < Y
(8 0 M 808
VA4 N
S E‘ Sp2 SFI Sp IP

F2 MD RF

« A Final Doublet is required to provide the necessary
demagnification.

« The chromaticity is cancelled locally by two sextupoles interleaved
with the FD together with a bend upstream to generate dispersion
across them.

« Geometric aberrations of the FD sextupoles are cancelled by two

more sextupoles placed in phase with them and upstream of the
bend.

« Four more quadrupoles are needed for #-matching

P.Raimondi, A.Seryi
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Chromatic correction in FD

* Straightforward in Y plane

* abit tricky in X plane:

/\
IP
If we require KN = K; to
K, , cancel FD chromaticity, then
Quad:  Ax = s (xamd) - Ky (mox=ma™) half of the second order
chromaticity I Second order dispersion remains.
dispersion
K nd*> Solution:
Sextupole:  Ax'=—>(x +18)* Kgn(ox +— : :
P 2 (x+19) s 2 ) The Bmatching section
produces as much X
2 ..
Vo P (x + 1) +—Bomch K . (~5x - no chromaticity as th.e FD, so the X
(1+39) (1+9) 2 sextupoles run twice stronger
and cancel the second order
_ _ 2Ky ; )
Kpgmaen =Kp  Kg= . dispersion as well.

P.Raimondi, A.Seryi
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Second and higher order aberrations

» Second order aberrations produced by sextupoles are
cancelled 1f

Foooo0 0 D00 0
_-‘IJFzFi’llf"rF 0 0 ;_Mﬂzﬂmlfﬂ 0 0
0 0 F 0 0 0D q
0 ﬂFiﬁll.'llF (0 ﬂﬂqgl,ﬂlﬂ

where all nonzero parameters are arbitrary
This requirements is less stringent than M=-1, so additional degrees
of freedom available for fine tuning of higher order aberrations.

* Higher order aberrations can be made to vanish for

our beam parameters.

P.Raimondi, A.Seryi
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Third order aberrations

« Third order geometric aberrations generated by sextupoles:
Urzz2 = KspKsr Ry Ryt
Ussss = KspKsp Rbay Riaqth
Uiz44 = Uszaa = _%HSD Ksp[th2 Rz R

where ¢, and ¢, are elements of transfer matrix between S;, and S,

* U,,,, and U,,,, typically negligible
U,,44 and Us;,,, can be made to vanish

P.Raimondi, A.Seryi
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Traditional and new FF

Traditional FFS
RS(S()()() AIX r\'mn 8.23/acc 19/()4/()0 I() 33.45

500. T .08 - h h
- 450.QSQBW SQﬁTY D Trad1t1ona1 NLC FF,L*=2m | , = A neW FF Wlt t e Same
é 200, A A i g
» ¢  performance as NLC FF can be
] .02 Q
300. 4 r - -
~300m long, 1.e. 6 times shorter
200. ] [
150, .
100. ] r 08
H L1 [ T
0.0 2= . . . — . - T T - 10 U H m ‘
0.0 200. 400. 600. 800. 1000. 1200. 1400. 1600. 1800. 2000. . .
s (m) 500, ‘ N(‘VT’ FF.Sfu‘rNL(, ‘ ‘ ‘ ‘ ‘ ‘ 19(04/00 {()_32.55 2
PP e NewFF,L*=2m [ _
§400 ] ‘ -1 é
9'350.; ZZ: §
300. ; ; .07
250. ; B .06
200. ; }.05
1 L .o4
150. L
¥
0. 4 L o1
00 5 s A ido. 5. 150, 175. 200 225. 250. 275 300"
s (m)
P.Raimondi, A.Seryi
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Extension of the “minimal optics” concept

* New FF has potentially much better performance than the
traditional FF

« To use these capabilities and improve the system even further we
Incorporate:

 Twice L*
— allows the use of large bore superconducting quadrupoles
— simplifies the design of the detector
« One additional weak bend at the entrance enlarges bandwidth
« One additional X-sextupole reduces horizontal aberrations
» A decapole close to the first sextupole reduces 4th order chromatic
aberrations

« Soft bend downstream of the main bend reduces background

P.Raimondi, A.Seryi
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Optics of the new FF

”—[F I ,"' H—< [T T T11 JU
New FF with twice L* and with an

500 - :
additional bend and with soft bend. T 4015
|
4001 !
Larger L* allows the use of large = ' o0
bore quadrupoles which decreases ) 200 !
collimation requirements. = h
D w005
N : . }
Larger L* also simplifies the design of 5, 2907 ;‘
the detector, and allows to make more o 40.00
rigid support of the FD. 100 4 !
|
1 +-0.05
Table 1: Beam parameters 0-
! | ! | ! | ! | ! |
Beam energy (GeV) 500 0 100 200 300 400 500 s (m)
Mormalized emittances <=, /=, (am) 4/ 0.06
Beta-functions /3. / 7, at IP (mm) 9.5/0.12 )
_ Optics of the new NLC FF. (ver ff01)
Beam sizes 7. / o, at [P (nmj 197 /2.7 >
L* =4.3m.
Beam divergence #, / #,, at IP (pirad) 21/23
Energy spread a; (1077 3
Angular dispersion 1. at IP (10 %) 5.4

P.Raimondi, A.Seryi

n (m)



NLC - The Next Linear Collider Project

Chromaticity in traditional and new FF

=1 Large chromaticity through the FF results
j% W, W, e * — R . - e .
S Traditional FES, L = 2m in high sensitivity to 8E along the way for
the traditional system

’ i+ T

009 200. 400. 600. 800. | 1000.  1200.  1400.  1600.  1800.  2000. ﬁigoﬁgsﬁ}&”ﬂiﬁlfj?’g’é’/ﬂ”"” FFO.0, May 2, 2000 11/05/00 10.02.48

| 45. W,
5. " New FFS, L* = 4.3m

ver ff00

Y
S
|

Chromatic Function W [*10¥{ 3)]
Ny
“©
|

[\8]
IS
|

~
i
I

10.

Chromaticity is much smaller " | /‘4{%

through the new FF.

0.0 50. 100. 150, 200.  250.  300.  350.  400.  450.  500.
s (m)

P.Raimondi, A.Seryi
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IP bandwidth

1.61
15]
1.4
1.3
1.2]
1.1
1.0
0.9-

0.8
07] Traditional NLC FF e

] L*=2 A *
0.6 m AEJE, 6%, 061 AEE 0, *
0.5 - , . : : E A 0.5 : . 'Rk,

-0.010 -0.005 0.000 0.005 0.010 0010 EHALERS A0 LLLER (o1

o31 New NLC FF, version ff01 "«
. L*=43m *

IP bandwidth of the traditional and new NLC FF.
(B/By)'?  -- the beam size defined from beta function vs AE/E
0/0, -- luminosity equivalent beam size vs AE/E
L/L, -- luminosity versus rms O

» The IP bandwidth is very similar for these systems.

P.Raimondi, A.Seryi
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FD bandwidth

* The FD bandwidth is rarely
discussed but very important

« Large FD bandwidth is
necessary to minimize
background due to off energy
particles

 New FF has much larger FD
bandwidth

_ 1/2
21618
.LR
104 " —e— Traditional FF, X
91 . --o-- Traditional FF, Y
8 Y New FF, X
7- \ -~~~ New FF, Y
64
5
4
34
2]
1+
0 . I
0.10 -0.05 0.00 0.05 AE/E 0.10

FD bandwidth of the Traditional and
New NLC FF. Normalized betatron
functions at the final doublet versus

energy offset AE/E.

P.Raimondi, A.Seryi
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Collimation and background

100

- Traditional FF does not preserve betatron 4] o© % © ° 5%
phase of halo particles eof oo " > 08
* New FF dos not mix IP and FD phase
particles Beam at FD "8 :
1 @ D)
- ) O o
Incoming beam Traditional FF 40- °
halo _@ N 60
] © O Traditional FF
I -804 ©| ® NewFF o o X
EE) NeW FF -100 — 71 1 T T 1 °© 1 O T 1 1 fmm)l
- -100 -80 -60 -40 -20 O 20 40 60 80 100

Halo beam at the FD entrance.
=> Both IP and FD phase collimation Incoming beam has 100 times larger
required for traditional FF coordinates in IP phase than in FD phase.

=> Collimation design may benefit from Particles of incoming beam are placed on a surface
. of an ellipsoid with dimensions N; (x,x"y,y',E) =
the p};e::se conservation feature of the (800.8,4000,40,20) times larger than nominal beam
new
parameters.

P.Raimondi, A.Seryi
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Tuning and tolerances

« Tuning is very similar for the new and traditional FF

— by moving sextupoles the IP dispersion, waist, coupling can be
adjusted

« Jitter positions tolerances are very similar
— Global measure of the FF tolerances:

rms beam offset at the IP comes from vibration of optical
elements produced by fast ground motion

 Drift positions tolerances are somewhat tighter
— increase of L* is not absolutely free

P.Raimondi, A.Seryi
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IP beam offsets sensitivity to quad motion

Old FF New FF

7 IRT 4-
i - dxbeam@lF’/d Xmagnet - dxbeam@lP/d Xmagnet F FO 1
dy iy ]
3 - beam@IP magnet 3 - dYbeam@lP/d Ymagnet
shown elements with > 0.0001 shown elements with > 0.0001
2 -
1 ]

214
7R I T e TV it a 7Pt 2l o ~ 0 @ @ <« @ <« @ <« «§ = o
_ L L L L ) N L@ @@ £ @ < @ L 9 o2

COOOOOOCOOOOCOMN MM M 00 OO0 Ll ~ o
Se{ele{eTe] COCOoo0o0 o S o g5 2 85 5 5 5 4% 4% o 00

IP OFFSET FOR A GIVEN QUAD OFFSET

Calculated with FFADA
P.Raimondi, A.Seryi
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How ground motion influence on the beam

How to find trajectory offset or chromatic dilution? 1 dispersion
p-dp n
. : : : f .
Relative beam offset at exit and dispersion: quadrupole ' -
heam | | % Ill | - I rel. offsei
« N N — = i y 'y
X = cx() —Xg, nt)y= d.x(t) !-, | ref. lin :-;rm.IW X
- , - 5,
1=l 1=1 enlrmee - - o - - = L ."I | ]
iexi
- dx” i _dn i : : ,
Linear model: ¢, =—=-Kr, di =—=K,(, —t,) Approximate values are for thin lens, linear order

Then, for example, the rms beam dispersion:

<nt)>= P(t,k)Gn(k)% where P(t,k)= P(wk)2Jl —cos(a)t)]d—w
oo 2T . 21T
N 2 N \2 )
and G,K) :( d.(cos(ks,) —1)W +( d. sin(ks,) - spectral response function
i=1 i=1

Sumrules. E.g.  d;s; =—T,,s atsmall k then G (k) =k’R} G,(k)=k’T3,  unless Ry, or T ,=0

P.Raimondi, A.Seryi
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Comparison in terms of fast ground motion

Rms Y offset at IP is ~1.2nm for both new

and traditional FF. Assumptions:
« “SLAC 2am” ground motion model;

» feedback with f;=6Hz;

« support of FD is 8m away from IP;

« FD does not tilt

N.B. FF with longer L* may result in leSs AY
since more rigid support for the FD is possible.

If the FD contribution to AY vanishes
(e.g. by an active system) then AY~0.3nm.

e- Final Doublet

e+ Final Doublet

rmsoffset AY, nm

rms offset  AY, nm

Vertical RMS offset of " e beams at the IP
Ground motion "SLAC 2am'"; feedback f =6 Hz; ideal quad supports

Ideal FD stabilization ON/OFF
1.2 4

1 Traditional FFS, L* = 2m OFF
10 ]
1S =8m
08 “FD
06 -
04
02 - ON
1 10 100
15 INew FFS, v.01, L* =4.3m o

Frequency, Hz 100
-

Ground motion frequencies giving
most contribution to RMS offset

P.Raimondi, A.Seryi
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Ground motion induced beam offset at IP

Characteristic

~1 c
of Feedback 2
g
=
()
(%]

c o
(]
o
[%]
g
I
3]
FIF, 2
n

1E-3 0.01 01 1 10
Spectra of absolute and relative motion of two points separated by
distance dL for the "2am SLAC site" model of ground motion.
1E+4
1E43 Measured: + Spectrum of absolute motion, SLAC linac [ZDR]
+
Modeling: Spectrum of absolute motion
rms beam offset at IP:

1E+1

’ dL=100m

0 P(@,K) B (k) [F(e) [k

1E-2
1E-3
G (k) - spectral response function 14

1E-5

1E-6

Power spectrum (micron**2/Hz)

1E-7

F(@w) - performance of inter-bunch feedback =

1E-9

P(wL) spectrum

1E-10

1E-11 (R [ R [ R [ R [ R [ R
P(Cu', k) - 2D spectrum of ground motion o oo N 1‘ . e

Frequency (Hz)

P.Raimondi, A.Seryi
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Tolerance to vertical motion of magnets

Old FF, L™=2m

Displacement sensitivity for 2% lumi loss

1000 -
I jitter tolerance Old FF
[ drift tolerance

= 100

=

>

o

=

o 10

o

[

©

@

21

0.1

AN LOONSNAANON A AN A A NN FLOO AN N —AA NN A A NN T OLOSTON O

Fonor
-

o

0OMMM MO SIS SIS SIS S > > > > > > > T ==
OOODOVDOONCOOOOON

NOOOOO0N Ll
[aa]anlanlaa]aa]aa)] OOOOJ—'—

Tolerance 1/dy for 2% luminosity loss:
Jitter - no correction

1000

100

Tolerance 1/8y, pm™
H
o

=

0.1

drift - IP offset and angle are corrected
Calculated with FFADA

New FF, L™ =4.3m

Displacement sensitivity for 2% lumi loss

I jitter tolerance
[ drift tolerance

New FFO1

Beam energy, GeV
Ver [vE. (1077 m)
oy [ o) at IP (nm)

Energy spread og (1077)

100 [ 6
197 / 2.7
3

P.Raimondi, A.Seryi
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Scaling with emittance

« Increasing € will increase contribution of

aberrationsto O

« |If € changed significantly, then, to keep the
contribution of aberrations constant, bend

field should scale as
BO —_~ 81/2

« This scaling is natural since

n’/6*

IS then also constant

1.04

0.9 \

o L/ 0
o

a1

OUJ
oA

.8

0.7 T T T T 1T T1T11] T T T T rrrr[ T T T T rrir[ T
0.01 01 1 10¢/¢

Luminosity vs emittance for the new
FF for the nominal, twice larger and

twice lower field in the bends.
Tracking without synchrotron radiation.

P.Raimondi, A.Seryi
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Energy range

A fixed length FF can operate
In a a wide range of energies.

Scaling to lower energies Is easy.

Rescaling of bends may be required.

SR contribution increase for high

energies, but this growth is slowed by

BO ~ 81/2 ~ 1/y1/2

bend rescaling.

1.0- e
ETB;E e ”%%M 250 GeV
0.8- /*/ 500 GeV, B, *‘9( W> ‘1’;
+ \> ‘f»
- Ll _ »
0.7 -l' <]/OSB . \>}> }>>>
/ <1\<] \D > ’>
o 0.6- 4 *x o RR
= <K *: T>]> \I> >‘
3 054 e N A\ * L\ R2B
| NS x* kX
044 A % b \1.4B
/ 1000 GeV | \ 0
| <« T4 RE hS
0.3+ « Bo < ‘% \>BO
8 / < é‘d
0 2 T ‘l T TTTTT TTT ‘l‘ T T *
0.01 0.1 1 10 ¢/¢

Luminosity vs emittance
for different bend field
and beam energy

New FF, ver.f100.

Tracking with sync.rad.

P.Raimondi, A.Seryi
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Scaling with emittance & energy

Energy upgradability

- * .

+ New FF does NOT require 5 | of new FF (ff01) LC sTevem
changing FF geometryupto § 3 yeas in CLIC 3TeVCM
~1TeV CM f * No FF geometry change

= _
= 4 % with FF geometry change % S Fe¥ole o
« From 1TeV and higher one é ]
need to adjust geometry 3 %
_‘_L_‘,‘ 0.1 Par.set "A"
° For lTeV => feW TeV the g Luminosity shown is single bunch
. 2 "A"8& B~1/E and with the same bunch population
IP either moves (~20cm)or o . as in Parameter set A
kept fixed by adjusting 100 1000 5000
upstream of FF optics Energy CM, GeV

Geometrical Luminosity vs CM energy for the
new FF for different parameter sets

[CLIC : report 2000-008] . : .
[5 TeV LC: PAC97 Delahaye et al.] P.Raimondi, A.Seryi
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i\ Scaling with energy

« Length of traditional FF designed so far ~ linear with E

FFTB NLC traditional CLIC
E, GeV 50 500 1500
L,m 150 1750 3100
Y&y »Hm 30/3 4/0.07 0.7/0.02

* Note that ye decrease roughly ~ 1/E
* New FF is more suitable for scaling to higher energy

New FF Length [7y701f ye=const
or [/y? if ye~1/E

« With the new FF scheme, a 3 TeV CM FF could be only
about 600m.

P.Raimondi, A.Seryi
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Scaling with energy, assumptions

IP beam size dilution dominated by SR in magnets:

gy

AG> , e 3/2 P \3/2 7/2
2y |:| 5,783 |:| (ygy)3/2|—3(,7iw “x y

£ L

€ y

X

where /] angular dispersion produced by bends /75 0 77j,L /L

Assume

IP dispersion ~ IP beam divergence

Constant IP beta, chromaticity, L*, length FD

Then, if norm.emittance=const then L // /710

If norm.emittance ~1/E then

L U y2/5

Imply that can achieve
gradients required.

Can deal with increased
position stability tolerance

P.Raimondi, A.Seryi
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5 Tev/iCM FF

A FF for 3-5TeV CM collider
can be just about 0.5-1 km long!

1.0 —L
1 xO\ Beam radiation
OFF
O\O\
i\ ¢
] .\
Beam radiation
NN

©
[(e]
1

Luminosity L/IL |
o
@

©
~
1

T T T T T T T 1
1500 1750 2000 2250 2500
Beam energy, GeV

Luminosity L/L, versus beam energy. Beta functions
at IP fixed. Angular dispersion at IP reoptimized
at each energy .

B (m) [*O¥ 3)]

0 RS6000 - AlIX version 8.23/acc

TITHy

New NLC FF, L*=4m, Ver.FF.0.1, Bends reoptimized for 1.5 TeV/beam
24/05/00 21.21.33
T T T T T T

- T T T T T T T T T T T T T T T T 035
B ¥ D I
225. - /| L 030
1 |
| I
300'f // \‘ - .025
175. / | I
| / \ L .020
150. / L
] L 015
125. / | i
] \ L 010
100. : \
1 \ L .005
75.
504 ' 0.0
25. - -.005
0-0 T T T T T T T T T T T ‘0]0
0.0 50, 100. 150. 200. 250. 300. 350. 400. 450. 500. 550. 600.
s(m)
BEAM PARAMETERS
e fyep at IP (107" m) a0 /1
= | (IE =
ax "'I_.,. [ i | . 9.0 014
oy [ o) at 2500GeV /beam (nm] | 31 / 0.54
Energy spread ap (107%) 2

JUDelwhaee, GoGinignard, Llrwin, T Banhenbreimer, R.D.Ruth,
[ Wiksom, PUBWilson, “A 30 GHz 5-TeV Linear Collider”, PAC 1907,

P.Raimondi, A.Seryi
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|_atest developments of new FF

Inspired by LCTF FF, investigating

possibility to create better knobs for
high order dispersion...

B (m)

New NLC FF, L*=4m, Ver.FF.0.3

SUN version 8.23/06

17/10/00 22.16.55
—

0.020 roton S0 0.20
B B [

0.018 0.8
0,016 016
0014 ] o4
0012 - o2
0010 010
0,008 - 008
0.006 - 006
0,004 | | o.04
0,002 002

v 0.006 -0.002 0.002° s 0010

S/ poc

Bo(m) [H0%( - 3)]

(m) [M0* 3)]

i

New NLC FF, L¥*=4m, Ver.FF.0.3

Tk I T Hy

¥ e B
300, SUN szr.vmn 8.‘2. /06 Y Y 17/{0/00 2?'.16.55 016
DK /’”‘\ \E-—
/| q
S pol4
250. H //
// ‘
: L 0.2
200.
= 0.10
150. - = 0.08
- 0.06
100. -
- 0.04
50. 4
= 0.02
00 T T T T T T T T T T - T T T T T T T T UU
0.0 50. 100. 150. 200. 250. 300. 350. 400. 450. 500. 550. 600.
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New FF benefits

« New FF is much shorter, providing a significant cost reduction for the
collider.

 New FF has similar bandwidth and several orders of magnitudes larger
dynamic aperture than the traditional FF.

« Background is less of an issue in the new design. Thanks to the expected
benefits the collimation section may be relaxed with the new FF.

« L*=4.3m for the new FF simplifies engineering of the IP area, and
probably helps the stabilization of the final doublet.

« Scaling to multi-TeV region is extremely attractive for the new FF.
« Further improvements of the system are under study...
(and seem possible)

P.Raimondi, A.Seryi
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LCTF hypothesis

It Is concelvable to utilize the existing hardware at SLAC
to realize a “Linear Collider Test Facility”

« Test bench for various NLC applicable ideas and techniques

« Logical and useful addition to NLCTA, Orion, ATF...

« LCTF is an Interaction Region oriented test facility

« Keep LCTF running until NLC is commissioned to maintain
“beam handling state of the art” and train new people
 LCTF can start with:
— Test the New Final Focus scheme

— Collide beams with NLC beta functions and bunch length,
and ~ 70 nm vertical spot sizes

— Develop and test IR vibration counteraction in vivo
— Feed forward jitter suppression

— Nano-meter level beam stabilization at the IP

— ...and much more

P.Raimondi, A.Seryi



-\ Basic Premises

« e+ and e- beams are almost always available at the end of the
Linac @ 30Hz and N~2.5e10, with good emittances

« LCTF operation should not be in conflict with PEP-I11
operation

« Refurbishing of Arcs and FF existing hardware reasonably
affordable

« The FF modifications, which mainly require a new FD, is
affordable even by SLAC alone, but

« LCTF will attract other labs and a solid international
collaboration between all the labs involved in linear collider
R&D could be established, to share efforts and costs.

P.Raimondi, A.Seryi
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Upgrades list

« Final Focus Upgrade
The Final Focus should be modified according to the new Final Focus

scheme. We expect to have very small residual spot size dilutions
down to NLC-like IP beta functions.

« Damping Rings Upgrade
Rearrange the QFs and power feeds and add Booster Power Supplies.
We expect to decrease both horizontal and equilibrium vertical
emittances by about a factor 3:
ye=le-Sm*rad yg=0.05e-5m*rad

Desired
* Rings to Linac Upgrade

A more suitable bunch compressor with better compression and less
emittance growth should be studied and implemented.

P.Raimondi, A.Seryi



-\ LCTF parameters

« Based on conservative extension of the achieved SLC parameters

« Work at 30GeV@10Hz to reduce synch.rad in arcs, FF, and to reduce
electricity bill (e.g. for arcs: ~ 1MW @45.6GeV per arc)

« Work with lower current to improve beam stability

Emittances routinely achieved at SLC @45.6GeV and N= 1.5e10 :
— Damping ring: ve, ,=2.9/0.15E-5m
— Final focus: YE,,=4.0/0.30E-5m (synch.rad. Arc contribution: Ayg, ,=1.1/0.15E-5m

« Beam Energy: 30 GeV
« DR emittances: Y, ,=1.0/0.05E-5m
LCTE  FF emittances: Y, ,=1.6/0.16E-5m
parameters |* IP Betas: B,=2mm B,=0.2mm
« Bunch length: 0,=0.8-0.2mm
» IP spot sizes: a,,~750/75nm
« Beam currents: N+=1.0e10 P.Raimondi, A Seryi
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LCTF Final Focus optics
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LCTF Final Focus optics

B (m)

Chromo-geometrical
aberrations:
— acceptable

New SLC FFE, beta*=2.0/0.2 mm

RS6000 - AIX version 8.23/acc

30/08/00 16.48.47

0040 ———F————F——7 7 11— 71— T 1 40
B~ B
.0035 .35
.0030 — .30
.0025 .25
.0020 — .20
0015 .15
.0010 — .10
1 B, ~=versus energy offset
.0005 X,y gy .05
0.0 T T T T T T T T 0.0
-.005 -.003 -001 .001 .003 005

51/[)116

B (m) [¥10%=( -3)]

TRACKING RESULTS vs, ENERGY SPREAD

¥  MAD tracking
1.8 O DIMAD tracking

I — L
-—- o/o/

/0

7~
QX
O*
OX
O %

o, (Caussian)
Tracking: OK in Y (~70nm)
x1.6 in X due to sync.rad. in B2 at
30GeV (worse at 46GeV)

— by making B2 longer this effect
can be almost eliminated

— further optimization of the

e b b b b b e b e b b by
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45

.
0.5_
x 10

optics is possible  P.Raimondi, A.Seryi



NLC - The Next Linear Collider Project

Final doublet

« Final doublet options:
— superconductive: modify existing SC triplet, or build from scratch
— electromagnets
— permanent magnet quads

« The permanent magnet options is most reasonable, because
— not as expensive as SC (FF Cryo plant gone...)
— allows to test solutions relevant for NLC
» Variety of options of FD stabilization
— active vibration suppression with reference to ground and inertial frame
— feedforward correction of magnetic center position by dipole coils
— etc.

P.Raimondi, A.Seryi
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Bunch compression in Arcs

(F)= 11900 GeV, N, = 0.616><1()10ppb (E) = 300060 GeV, N, = 0.612x10" ppb (F)= 300025 GeV, N_= 0.599x10'° ppb
F N . R .
2t <z)=()0)x mm.,,,‘ -;‘_,,: T () = 0,086 mm o CR L ey w—om mm
: o LA , N .
1t 2
, 0
T
~_ 0
o
! 0.5
2 1
2 1 0 1 2 0.2 0 02 04
z /mm z/mm z/mm
0= 06984 mm (FWQM: 2.2857. Gauss: 0.7158) o = 0.6819 mm (FWQM: 22683, Gauss: 0.7220) 6,=0.1057 mm (FWQM: 0.1497, Gauss: 0.0480)
(Iy = 0.049 kKA 1) 0.065 kA 2 (Iy= 0321 kA
0.15¢ 0.15 .
<
z Y g o <
~ : ~
oosl L el
T 0 1 2 3 0 02 0 02 o4 06
- = 2 [ 0 [ 2 = PR -
z/mm 2 /mm z/mm
P.Emma

P.Raimondi, A.Seryi



NLC - The Next Linear Collider Project

LCTF vibration issues

Integrated amplitude, micron

« Quad stability in the FF tunnels is

OK or almost OK for LCTF

» Can deliberately make situation
worse and learn to correct

13 Vibrations of 54Q10
Girder FN20, quad 54Q10 quad on FN20 girder
on the atad In LCTF FF
n the qua .
. the tolerance for this
0.01 — quad jitter is a fraction
] of that for
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Frequency, Hz

Ratio: sqrt(pow1/pow2)

Correlation
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LCTF vibration issues

Vibration stability in the

SLD detector is not sufficient

Need to improve quad center
stability by about 10 times

Appropriate counteraction
methods should be developed

Learning how to do this is
one of the major goals of
LCTF

micron

Integrated amplitude,

1E-1 —

Examples of data from
SLD vibration studies

August 11, 15:00

SLD pit floor
most of eqpt. off

1 10

Frequency, Hz

» Frequencies unreachable for beam-based feedback: f > rep.rate/20
« Linear Collider with 30Hz rep.rate and o* ~ 70nm will give experience applicable
to LC with 120Hz and o* ~ 3nm

P.Raimondi, A.Seryi
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What else can be tested @ LCTF?

e Tests of fast feedforward

e O3 .

P
;o
b/

» Tests of traveling focus (allows to play with 3,/c,)

Position of focus 1s moving during collision [Balakin 91]
P.Raimondi, A.Seryi
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More topics to be studied

« [P jitter from quad vibrations

« Linac to IP beam jitter feed forward

« Structures on movers (X-band?) for emittance
optimization

« Global Linac Orbit control and stabilization

« [P pair production

« New schemes of Background reduction (e.g.Octupoles)
* New diagnostic (e.g. OTRS)

« and much more (any idea is welcome) ...

P.Raimondi, A.Seryi
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Conclusion

« Final Focus System is a crucial point in the linear collider designs

« Thanks to years of experience on SLC-FF and FFTB, we have been able

to focus what are its main limitations and problems, and design a “Next
Generation FFS”.

« The present scheme allows for a collider that could be “adiabatically”

upgraded in energy through the years up to 5TeV/CM, if the physics
community requires it.

« More could be gained with moderate money investment. An “LCTF”
International Collaboration could better focus all the efforts toward a
unique and more optimal Beam Delivery System design.

P.Raimondi, A.Seryi



